By screening a transcriptome database for expressed sequence tags that are specifically expressed in mammary gland and breast carcinoma, we identified a new human cytochrome P450 (CYP), termed CYP4Z1. The cDNA was cloned from the breast carcinoma line SK-BR-3 and codes for a protein of 505 amino acids. Moreover, a transcribed pseudogene CYP4Z2P that codes for a truncated CYP protein (340 amino acids) with 96% identity to CYP4Z1 was found in SK-BR-3. CYP4Z1 and CYP4Z2P genes consisting of 12 exons are localized in head-to-head orientation on chromosome 1p33. Tissue-specific expression was investigated using realtime reverse transcription PCR with normalized cDNA from 18 different human tissues. CYP4Z1 mRNA was preferentially detected in breast carcinoma tissue and mammary gland, whereas only marginal expression was found in all other tested tissues. Investigation of cDNA pairs from tumor/normal tissues obtained from 241 patients, including 50 breast carcinomas, confirmed the breast-restricted expression and showed a clear overexpression in 52% of breast cancer samples. The expression profile of CYP4Z2P was similar to that of CYP4Z1 with preference in breast carcinoma and mammary gland but a lower expression level in general. Immunoblot analyses with a specific antiserum for CYP4Z1 clearly demonstrated protein expression in mammary gland and breast carcinoma tissue specimens as well as in CYP4Z1-transduced cell lines. Confocal laser-scanning microscopy of MCF-7 cells transfected with a fluorescent fusion protein CYP4Z1-enhanced green fluorescent protein and a subcellular fractionation showed localization to the endoplasmic reticulum as an integral membrane protein concordant for microsomal CYP enzymes.
INTRODUCTION
The probability of developing breast cancer during a life span is one woman in eight in the United States today. Although mortality rates declined by 1.4% per year during 1989 -1995 and by 3.2% afterward, breast cancer is still the second leading cause of cancer death in women (estimated 39,800 deaths in 2003 in the United States; Ref. 1) . The identification of a large variety of tumor-associated antigens, which are specifically expressed in cancer tissue, is an essential need for promising immunotherapy of minimal residual disease and for early diagnosis of primary cancer. Unfortunately, the number of potent antigens is still very limited for breast cancer (2) .
In this study, the search for new highly restricted breast cancer antigens in a commercial transcriptome database revealed the sequence of an expressed sequence tag (EST) that showed homology to sequences of the cytochrome P450 (CYP) superfamily. In humans, CYPs are involved in the synthesis of cholesterol, steroids, and other lipids and, furthermore, in drug metabolism and in degradation of xenobiotics (3, 4) . By elongation of the EST, we identified the cDNA of a new member of CYP subfamily 4Z, designated CYP4Z1. In general, the CYP4 family consisting of six subfamilies (A, B, F, V, X, and Z) in humans has the unique ability to catalyze the thermodynamically disfavored -hydroxylation of fatty acids and is mainly implicated in metabolism of arachidonic acid, fatty acids, prostaglandins, and other eicosanoids (5) (6) (7) .
Many CYPs are expressed extrahepatically and might play an important role in target tissue metabolic activation of xenobiotic compounds (8, 9) . Moreover, the presence of CYP enzymes in various cancer tissues emphasizes the possibility of this class of enzymes to either contribute to carcinogenicity of xenobiotics (10) or to influence the impact of anticancer agents positively or negatively (11) (12) (13) (14) . In organs of the respiratory and gastrointestinal tract with initial exposure to xenobiotics, expression of CYP enzymes 1A1, 1B1, and 3A, among others, was reported (15) (16) (17) (18) (19) , and extensive studies exist that reveal their high contribution in generating genotoxic products. The smoke-inducible CYP1A1 converts polycyclic aromatic hydrocarbons (e.g., 7-12-dimethylbenz [␣] anthracene; Ref. 20) , whereas CYP3A enzymes are able to activate aflatoxins (21) , heterocyclic amines (22) , and nitrosamines (23) . CYP1B1, an extrahepatically expressed CYP with significant overexpression in many different tumor types (24) , is capable of activating the following variety of putative human carcinogens: polycyclic aromatic hydrocarbons; aromatic and heterocyclic amines (25) ; and aflatoxin B1 (26) . In human mammary gland and uterus, the expression of CYP1B1 has been implicated in 4-hydroxylation of estradiol, a process that may affect estrogen-initiated carcinogenesis by the production of depurinating genotoxic byproducts (27, 28) . Additionally, for one member of the CYP4 family, CYP4B1, which is mainly expressed extrahepatically in lung and bladder (29) , its possible involvement in carcinogenesis by activating 4-ipomeanol (30), 3,3Ј-dichlorobenzidine, and 2-naphthylamine (31) was reported.
Therefore, the main aim of this study was to investigate the tissue distribution of this novel CYP by quantitative real-time reverse transcription (RT)-PCR and, particularly, to evaluate the overexpression in breast cancer found by microarray analysis in view of its potential use as a breast cancer-related antigen.
MATERIALS AND METHODS
Chemicals. The breast adenocarcinoma cell lines SK-BR-3 (HTB-30) and MCF-7 (HTB-22) as well as human embryonic kidney cells 293T were acquired from American Type Culture Collection (Manassas, VA). EBVtransformed lymphoblastoid B cells (B-LCL) were a gift from A. F. Kirkin (Danish Cancer Society, Copenhagen, Denmark). Restriction enzymes, Rapid DNA Ligation kit, and DNase I were purchased from MBI Fermentas (St. Leon-Rot, Germany). Titanium TaqDNA polymerase (BD Clontech, Heidelberg, Germany) was routinely used for PCR. All other chemicals of molecular biology grade were obtained either from Sigma Chemical Company (Taufkirchen, Germany) or Merck AG (Darmstadt, Germany).
Cell Culture. SK-BR-3 and MCF-7 cells were maintained in monolayer culture, B-LCL in suspension, in a humidified 5% CO 2 atmosphere using RPMI 1640 supplemented with N-acetyl-L-alanyl-L-glutamine (2 mM), nonessential amino acids (1ϫ), sodium pyruvate (1 mM) and FCS (10%; Biochrom KG, Berlin, Germany). 293T cells were cultivated in DMEM with 10% FCS.
For construction of pcz-CFG5.1-IRES2-EGFP, the IRES2-EGFP fragment of pIRES2EGFP (BD Clontech) was ligated into the BamHI and HpaI sites of pcz-CFG5.1-MCS (32) creating pcz-CFG5.1-IRES2-EGFP.
Recombinant retroviral particles were generated by using the three vectorpackaging system according to the procedures described by Soneoka et al. (33) . Briefly, 293T cells were transiently cotransfected with an expression construct for gag-pol (pHIT60), the MoMuLV-based retroviral vectors, and the vesicular stomatitis virus G-protein (pMD.G2; provided by D. Trono, University of Geneva, Switzerland). Viral supernatants were harvested 48 and 72 h after transfection, pooled, and filtered (0.45-m pore size filter). Polybrene was added to a final concentration of 8 g/ml, and supernatants were used immediately or stored at Ϫ80°C. MCF-7 and B-LCL cells were infected with retroviral particles containing either CYP4Z1-IRES2-EGFP or IRES2-EGFP. The transduction efficiency was 83-85% for MCF-7 cells and 73-77% for B-LCL.
Immunoblot Analysis of CYP4Z1. Polyclonal antiserum specific for CYP4Z1 from New Zealand White rabbits was generated against the peptide CPDHSRPPQPVRQVVLKSK (position 477-494 of CYP4Z1) coupled to keyhole limpet hemocyanine via the reactive side chain on the NH 2 Confocal Laser-Scanning Analyses. The coding sequence of CYP4Z1 cDNA was amplified by PCR using forward primer 5Ј-GCTAGCATGGAGC-CCTCCTGGCTTCAGGAA-3Ј and reverse primer 5Ј-TCTAGACCG-CAAACTTTTTTTGCAAACAC-3Ј, which replaces the stop codon with the codon for glycine and cloned into pCRII-TOPO vector. After NheI/XbaI digestion of this vector, the insert was ligated into the NheI site of the mammalian expression vector pEGFP-C1 (BD Clontech). The resulting plasmid termed pCYP4Z1-EGFP codes for a fusion protein of CYP4Z1 and EGFP on the COOH-terminus. pmRFP1, which is a derivative of pEGFP-C3 (BD Clontech) and codes for the monomeric red fluorescent protein 1 (mRFP1), was a gift from R. Y. Tsien (35) . This vector was used to create the following reporter constructs for specific organelle staining. The vector pmRFP1-endoplasmic reticulum (ER) codes for the human Sec61 ␤ subunit, an ER membrane protein, which is fused to the COOH-terminal of mRFP1 (36) . pmRFP1-Mito codes for the native rat aldehyde dehydrogenase mitochondrial presequence (19 amino acids) plus the first 23 amino acid residues from the mature region fused to mRFP1 (37) . MCF-7 cells were grown on chamber slides to 90 -95% confluence and were transiently cotransfected with 0.5 g of plasmid DNA of pCYP4Z1-EGFP and either pmRFP1-ER or pmRFP1-Mito using Lipofectamine 2000 (Invitrogen) according to the manufacturerЈs instructions. After transfection (24 -30 h), cells were fixed with 4% paraformaldehyde for 15 min, washed three times with PBS, and analyzed by confocal laser scanning microscopy (NCS-NT; Leica, Wetzlar, Germany) using the filters SP590, DD488/568, RSP580, and LP530/30 or LP590 for detection of EGFP or mRFP1, respectively. Subcellular Fractionation. Subcellular organelle fractionation of MCF-7 cells transduced with CYP4Z1 was basically performed as described previously (38) . All steps were carried out at 4°C. Briefly, CYP4Z1 expressing MCF-7 cells were resuspended in buffer HB [0.5 M sucrose, 10 mM Tris (pH 7.4), 1 mM EDTA and protease inhibitor mixture tablet (Complete Mini, EDTA-free; Roche)] to 4 ϫ 10 7 cells/ml. Cells were homogenized by passing through a 26-gauge needle for several times and three bursts (50% output level/50% duty cycle) of an ultrasonic disintegrator (Sonifier 250; Branson, Dietzenbach, Germany). After adding an equal volume of 10 mM Tris pH 7.4, 1 mM EDTA, the homogenate was layered onto one-half volume of buffer HB and centrifuged at 1200 ϫ g for 10 min using a swing-out bucket (SW-55T, Beckman L7-65 ultracentrifuge). The supernatant was layered onto one-half volume of buffer HB and centrifuged at 10,000 ϫ g for 10 min. To obtain the microsomal-enriched fraction, the resulting supernatant was spun at 100,000 ϫ g for 1 h at 4°C. The pellet obtained after each centrifugation step was carefully resuspended in 300 l of 0.25 M sucrose, 10 mM Tris (pH 7.4), and 1 mM EDTA. P1 (1,200 ϫ g) contains nuclei and cellular debris, P2 (10,000 ϫ g) is the mitochondria-enriched fraction and P3 (100,000 ϫ g) comprises the microsome-rich fraction. The supernatant after ultracentrifugation (S3) is designated the soluble protein fraction.
Sodium Carbonate Extraction of Extrinsic Proteins from Microsomes. One hundred g of the microsomal fraction P3 was diluted in ice-cold 1 ml of 0.1 M sodium carbonate and incubated for 30 min on ice followed by centrifugation at 100,000 ϫ g for 1.5 h at 4°C. The pellet was resuspended in 20 l of Laemmli buffer. Proteins of 500 l supernatant were precipitated by trichloroacetic acid treatment and resuspended in 10 l of Laemmli buffer. Ten l of the resuspended pellet and of the precipitated supernatant were subjected to SDS-PAGE and analyzed by immunoblotting with polyclonal anti-CYP4Z1 serum.
Immunoblot Analysis of Subcellular Fractions. Equal volumes of fractions P1, P2, and P3 and the corresponding volume of S3 were subjected to SDS-PAGE and analyzed by immunoblotting. Polyclonal rabbit anti-CYP4Z1 serum was used to detect CYP4Z1 protein. Immunoblot analysis of endogenous mitochondrial HSP60 protein (monoclonal anti-HSP60; Biocarta, Hamburg, Germany) and ER membrane-bound calnexin (monoclonal anticalnexin, BD Biosciences, Heidelberg, Germany) was used as an independent assay of the separation of the subcellular fractions. Horseradish peroxidase-conjugated secondary antibody rabbit antimouse immunglobulins (1:1000; Dako, Hamburg, Germany) were visualized with enhanced chemiluminescence (ECL plus; Amersham Biosciences).
RESULTS

Evidence of a New Breast Cancer Candidate in the Database
GeneExpress. The transcriptome database GeneExpress (Gene Logic Inc., Gaithersburg, MD) contains expression profiles of a large number and variety of different human normal and tumor tissues obtained by Affymetrix GeneChip analyses. Our search for new genes, which are specifically expressed in mammary gland and overexpressed in breast cancer, revealed an EST with the GenBank accession number AI668602, represented by the chip element 59570_at that showed sequence similarity with the 3Ј region of members of the CYP family. The EST is mainly expressed in mammary gland tissue samples and hardly ever found in other normal female tissues (2%; Fig. 1) .
Furthermore, 61% of malignant breast tissues are positive with a median expression more than twice as high as normal breast tissue expression. Even more prominent, in the 25% positive carcinoma samples with the highest expression, a fluorescence signal of at least 1315 units was detected contrasting 414 units for the corresponding value in normal mammary gland. Metastases originating from breast cancer in lymph nodes or in other locations show a similar expression profile as primary tumors (Fig. 1 ). There are no significant differences between various breast tumor types and different tumor stages (data not shown).
Identification of a New CYP. On the basis of sequence homologies within members of the CYP protein family, the use of bioinformatics enabled us to prolong the EST sequence in its 5Ј orientation. Amino acid sequence comparisons of CYP4A11 to human genomic sequence databases by TBlastN2 revealed sequence similarities of at least 50% with genomic regions that are localized close to the 5Ј of EST AI668602. These regions of similarity represent putative exons of the newly identified CYP gene. The existence of the corresponding mRNA was verified by RT-PCR using oligonucleotide primer pairs that bound in the 3Ј untranslated region (EST AI668602) as well as in the predicted exons of the new CYP in cDNA from the breast carcinoma cell line SK-BR-3 and pooled mammary gland cDNA. Having identified the putative start ATG in exon 1 of this new CYP, amplification of full-length cDNA including the coding region revealed the following two different CYP4Z transcripts in SK-BR-3: the cDNAs of CYP4Z1 (GenBank accession number AY262056) and of the pseudogene CYP4Z2P (GenBank accession number AY262057). The existence of both new CYP was already expected by the CYP Nomenclature Committee only based on genomic sequences (5).
The nucleotide sequence of CYP4Z1 cDNA (1907 bp) contains an open reading frame of 1515 bp that codes for a 505 amino acid protein (Fig. 2) . Because of sequence homologies and similarity of size to other CYP, the first ATG represents most likely the true translation initiation codon. A polyadenylic acid sequence is preceded by the polyadenylation signal AATAAA at the 3Ј untranslated region. The deduced amino acid sequence of CYP4Z1 shows identity Ͼ40% to other members of the CYP family 4 and thus belongs to this CYP family after the convention of the CYP Nomenclature Committee (5). The characteristic conserved Cys residue, which serves as the fifth ligand to the heme iron in CYP proteins, is located at amino acid position 452. Conserved P450 sequence motifs and structural characteristics of functional CYP enzymes are met in CYP4Z1.
A single nucleotide change (C to T) in the CYP4Z2P cDNA (1436 bp) leads to a nonsense mutation 1020 bp downstream of the translation start. The open reading frame of CYP4Z2P cDNA codes for 340 amino acids that are 96% identical to CYP4Z1 protein sequence (Fig. 2) .
Genomic Localization of CYP4Z1 and CYP4Z2P. On the basis of genomic analysis by bioinformatics, the genes for CYP4Z1 and CYP4Z2P are both localized on chromosome 1p33 in head-to-head orientation in a distance of 166 kb. The genomic sequence is represented by the genomic contig NT_032977. Both genes CYP4Z1 and CYP4Z2P are composed of 12 exons and 11 introns with highly conserved exon-intron boundaries and span 50.8 kb and 57.3 kb, respectively.
The genes for CYP4A11, CYP4B1, and CYP4ϫ1 are localized closely to the loci of CYP4Z1 and CYP4Z2P on contig NT_032977 representing a cluster of CYP4 genes.
Mammary Gland-Specific Expression of CYP4Z1 and CYP4Z2P mRNA. Quantitative real-time RT-PCR was performed to investigate the tissue distribution of CYP4Z1 and CYP4Z2P transcripts in a variety of human tissues. Expression levels were analyzed in normalized pooled cDNA samples from 17 different human normal tissues and from breast cancer tissues as shown in Fig. 3 . By far the highest expression of CYP4Z1 mRNA was observed in breast carcinoma with a 3.6-fold overexpression over normal mammary gland and with a Ͼ60-fold higher expression level over any other tested normal female tissue. Only in some samples, there was a marginal amount of transcripts detectable.
CYP4Z2P transcription shows an even more restricted expression pattern than CYP4Z1 with a 4.8 times higher expression in breast cancer tissue than in normal mammary gland (data not shown). Only in testis, prostate, kidney, and placenta, a few transcripts were found, whereas no CYP4Z2P transcription at all was detectable in all other tissues. However, the expression level of CYP4Z2P was roughly 20 times lower than that of CYP4Z1.
Expression of CYP4Z1 in Different Tumors and Corresponding Normal Tissues. To obtain information about the CYP4Z1 expression in various tumors, a cancer profiling array with 241 tumor/normal cDNA pairs from 12 different tissue types was analyzed (Fig. 4A) . Overall, there was a much higher expression in breast samples (50 pairs) than in other tissues with a variable expression level among breast cancer patients. Seventy-two percent of breast tumor samples and 76% of normal mammary gland tissues were positive. Moreover, a clear overexpression (at least 2-fold, up to 111-fold) in cancerous breast tissue was visible in 52% compared with their corresponding normal tissues (Fig. 4B) . A down-regulation in the tumor sample was noticeable in 22% of breast pairs, but the CYP4Z1 expression was low in these patients in general. The following carcinoma tissues other than breast showed a weak expression of CYP4Z1: ovary (4 of 16); lung (3 of 21); thyroid gland (1 of 6); and prostate (2 of 4). There was a marginal signal in five lung and two kidney samples. Expression of CYP4Z1 protein in breast cancer tissue was demonstrated by immunoblotting with a specific antipeptide antiserum for CYP4Z1. Immunoblot analysis revealed a distinct band of approximately 50 kDa representing CYP4Z1 protein in whole-cell lysates of an intraductal carcinoma, an invasive lobular carcinoma, and normal mammary gland tissue as well as in MCF-7 and B-LCL cells transduced with the coding sequence of CYP4Z1 cDNA (Fig. 5) . Lysates of untransduced cells and one invasive ductal carcinoma were negative for CYP4Z1 expression. The protein expression of CYP4Z1 was higher in transduced MCF-7 than in transduced B-LCL cells reflecting the mRNA expression data obtained by quantitative real-time RT-PCR analysis of both cell lines (data not shown).
Subcellular Localization of CYP4Z1 in Human Cells. P450 enzymes in eukaryotes are integral membrane proteins localized either to the inner membrane of mitochondria or to the outer face of the ER. The NH 2 -terminal hydrophobic domain serves as a combined signal sequence and transmembrane anchor in ER-bound P450 leading the core enzyme into the cytoplasm. To determine the intracellular localization of CYP4Z1, we transiently transfected MCF-7 cells with a vector coding for EGFP fused to the COOH-terminus of CYP4Z1. Confocal laser-scanning microscopy of CYP4Z1-EGFP showed a typical morphological pattern of ER staining (Fig. 6A) . CYP4Z1-EGFP protein colocalized perfectly with the cotransfected red fluorescent fusion protein Sec61 ␤ subunit, a component of the protein translocation apparatus of the ER membrane (Fig. 6A) . No colocalization with the red fluorescent mitochondrial marker protein was visible. The ER localization of the expressed CYP4Z1-EGFP was confirmed by subcellular fractionation of MCF-7 cells transduced with CYP4Z1 cDNA. CYP4Z1 protein was mainly detected in the 100,000 ϫ g pellet (P3) representing the microsomal-enriched fraction after subcellular fractionation (Fig. 6B) . Only a faint band was detected in the mitochondrial enriched fraction P2. Endogenous mitochondrial HSP60 and ER membrane-bound calnexin were detected mainly in fraction P2 and P3, respectively, confirming the separation of mitochondria and microsomes in the fractionation assay. Extraction with sodium carbonate effectively strips extrinsic proteins off membranes without affecting transmembrane and lipid-anchored proteins. CYP4Z1 was only detected in the insoluble microsomal membrane fraction (P) by immunoblot analysis (Fig. 6C) . This clearly demonstrates its integration into the ER membrane, the native location for microsomal P450 enzymes.
DISCUSSION
We have cloned the cDNAs of two novel CYP genes of the 4Z subfamily, CYP4Z1 and CYP4Z2P, and demonstrated preferential expression in human breast carcinoma and mammary gland tissue. Although the existence of CYP4Z1 has been expected by ESTs in the UniGene entry Hs.176588, the deduced protein sequence of the CYP4Z1 cDNA we cloned differs from the predicted amino acid sequence by genomic database research, mainly attributable to differences in intron-exon boundaries and possible sequencing errors in genomic contigs. Microsomal P450 enzymes are bound to the ER membrane via an NH 2 -terminal transmembrane domain. Cellular localization studies of fluorescent CYP4Z1-EGFP fusion protein by microscopy and subcellular fractionation clearly showed its localization as an integral membrane protein of the ER. The natural distribution to the ER and the presence of P450-essential conserved domains of CYP4Z1 (39) indicate its affiliation as a functional P450 enzyme, but additional analyses proving its functionality have to be performed. Twenty-four h after transfection, cells were fixed with paraformaldehyde and examined by confocal laser-scanning microscopy. Representative cells are illustrated. The following expressed fluorescent proteins were detected with filter sets described in "Materials and Methods": CYP4Z1-EGFP (AЈ and DЈ); mRFP1-Sec61 ␤ subunit (BЈ); mRFP1-Mito (EЈ); CЈ and FЈ are superimposed images of AЈ and BЈ or DЈ and EЈ, respectively. B, subcellular fractionation of MCF-7 cells transduced with CYP4Z1. Equal volumes of fraction P1 (nuclei and debri), P2 (mitochondria), and P3 (microsomes) and an equivalent volume of S3 (soluble proteins) were subjected to SDS-PAGE and immunoblot analysis for direct comparison of signal intensity. Immunostainings were performed with primary antibodies against CYP4Z1 (1), calnexin (2), or HSP60 (3). C, distribution of CYP4Z1 after alkaline sodium carbonate extraction of extrinsic proteins from endoplasmic reticulum membranes. Equivalent volumes of pellet (P) and supernatant (S) after ultracentrifugation were subjected to immunoblot analysis. EGFP, enhanced green fluorescent protein; mRFP1, monomeric red fluorescent protein 1.
The pseudogene CYP4Z2P is localized in head-to-head orientation close to CYP4Z1 gene on chromosome 1p33. Because of the highsequence homology of Ͼ96% to 4Z1 and its localization on the chromosome, it is likely that CYP4Z2P emerged from an inverted duplication event. CYP4Z2P cDNA codes for a truncated CYP protein that lacks the sites for substrate binding and for enzymatic activity. CYP4Z2P obviously belongs to the class of CYP pseudogenes that are transcriptionally active. However, the transcription level of CYP4Z2P is very low in comparison with that of CYP4Z1, indicating the expected mRNA degradation of a truncated and presumably nonfunctional CYP.
Quantitative real-time RT-PCR allows thorough investigation of specific gene transcription even in a large gene family like the human CYP family. Comparisons between CYP transcription levels and their metabolic activities showed a close relationship for many CYPs, which justifies the prediction of the presence of CYP enzymes based on mRNA levels (40) . Our findings demonstrate a highly preferential expression of CYP4Z1 and CYP4Z2P cDNA in breast carcinoma tissue and mammary gland, and verify CYP4Z1 protein expression in breast tissue specimens. Even in liver, known as the organ with the highest accumulation of CYP proteins, expression of CYP4Z1 was 86-fold lower than in breast carcinoma, and CYP4Z2P was not detectable at all. This high expression of CYP4Z1 combined with its specificity to breast tissue is a unique feature among the large CYP family. Studies investigating the expression of a broad range of CYP isoforms approved the existence of CYP 1A1, 1B1, 2A6, 2C, 2B6, 2D6, 2E1, 3A4, 4A11, and 4B1 in different breast tissues including breast cancer (41) (42) (43) (44) , but revealed an up to 500 times lower expression level in mammary gland than in liver (42) , whereas earlier attempts even failed to detect some CYP isoforms in breast microsomes by Western blotting (45) . Most of these CYP isoforms have shown the ability to convert xenobiotics into toxins that are carcinogenic in extrahepatic tissues (44) . On the other hand, the expression of CYP enzymes in tumor tissues can have a major impact on the responsiveness of tumors to cancer chemotherapeutic drugs, because of the central role that these enzymes play in the metabolism of numerous clinically useful anticancer agents (9, 13) . Investigating a broad range of different tumor types confirmed the predominantly breast-restricted expression pattern of CYP4Z1 with a variation of intensity within the breast samples. Furthermore, CYP4Z1 was clearly overexpressed in 52% of breast carcinoma samples in comparison to their corresponding normal tissues. A relatively new approach for cancer treatment is the transfer of CYP genes, mainly CYP2B1, 2B6, and 3A4, into cancerous tissue, which confers the capability to activate anticancer prodrugs (e.g., cyclophosphamide or ifosfamide) directly within the target tissue. Preclinical studies have shown dramatically enhanced chemosensitivity of tumors without increased systemic distribution of active drugs by the liver (46, 47) . The natural expression of CYP4Z1 in breast cancer tissue might open opportunities for designing future anticancer prodrugs that can specifically be turned into active agents by CYP4Z1 in breast target tissue without the artificial transfer of CYP genes into target tissue. However, substrate specificity and enzymatic properties have to be determined to elucidate the physiological function of CYP4Z1 expression in mammary gland and its possible consequences for breast cancer treatment.
In addition to approaches concerning the biochemical and toxicological properties of CYP4Z1, the high association to mammary gland and the overexpression in breast cancer might offer possibilities for immunotherapy based on antigen vaccination and diagnosis of breast cancer. CYP1B1 was found to be overexpressed in various types of tumors but is not expressed in most normal tissues (24) and was consequently classified as a shared tumor-associated antigen (48) . Recently, Maecker et al. (49) identified HLA-A2-restricted peptides from CYP1B1 that could activate CD8 ϩ T lymphocytes in transgenic mice. Furthermore, they were able to induce CYP1B1-specific T cells by in vitro-restimulation from cancer patients that lysed a variety of different CYP1B1-expressing cancer cell lines. Experiments in transgenic mice and preliminary results of a clinical trial did not give any evidence of side effects by autoimmunity.
The data obtained in our study support the potential of CYP4Z1 in this respect and warrant investigations to verify CYP4Z1 as a promising breast cancer antigen.
